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H[SHFWHGPD[LPXPWUDIILF ORDGHIIHFWVEDVHGRQ WKHFRQYROXWLRQVWDWLVWLFDOPHWKRGKDVEHHQSURSRVHG8QOLNH WKH
WUDGLWLRQDOPHWKRG UHFRPPHQGHG E\0RVHV DQG9HUPD  LW UHSODFHV WKH LQGLUHFW FDOFXODWLRQ RI FKDUDFWHULVWLF
ORDGHIIHFWVWKURXJKFRQYROXWHGWUDIILFORDGVZHLJKWVZLWKDSURFHGXUHWKDWFRQYROXWHVWKHORDGHIIHFWVPRPHQWV
IRUFHVGLUHFWO\7KHHPSKDVLVRIWKHSURFHGXUHLVWRHYDOXDWHDFFXUDWHO\WKHWDLORIWKHORDGGLVWULEXWLRQKLVWRJUDPV
WKH NH\ IDFWRU IRU FRUUHFW WUDIILF ORDGPRGHOOLQJ DQG WKHQ WR DSSO\ D VLPSOH \HW VXIILFLHQWO\ DFFXUDWH SURFHGXUH
DSSO\LQJ FXPXODWLYHGLVWULEXWLRQ IXQFWLRQVRI WKH FRQYROXWHGKLVWRJUDPV WR IRUHFDVW WKH UHDOLVWLF H[SHFWHGEHQGLQJ
PRPHQWVDQGVKHDU IRUFHVRIDEULGJH5HVXOWVRIDFRQFUHWHH[DPSOH LI FRPSDUHG WR VRPHDOWHUQDWLYHSURFHGXUHV







.QRZLQJ WKH UHDOLVWLF ORDGLQJRI KHDY\ WUDIILF RI WKH H[LVWLQJ URDGEULGJHV LV D NH\ WR DQRSWLPL]HG
VWUXFWXUDOVDIHW\DVVHVVPHQWSURFHGXUH&RGHVRISUDFWLFHIRU WKHGHVLJQRIEULGJHVVXFKDV(XURFRGH
3DUW  (&  PXVW EH VXIILFLHQWO\ JHQHUDO WR EH DSSOLFDEOH WR PDQ\ GLIIHUHQW EULGJH W\SHV ZLWK
ZLGHO\YDU\LQJWUDIILFORDGLQJFRQGLWLRQVDQGIRUWKHHQWLUHOLIHVSDQRIWKHVWUXFWXUHV2QWKHRWKHUKDQG
EULGJH PDLQWHQDQFH HVSHFLDOO\ LI LW LQFOXGHV PDMRU UHKDELOLWDWLRQ DQG UHFRQVWUXFWLRQ PHDVXUHV LV
H[SHQVLYH DQG EULGJH RZQHUV QHHG WR DOORFDWH OLPLWHG UHVRXUFHV HIILFLHQWO\ 7KH DYDLODEOH DVVHVVPHQW




Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of the Programme Committee of the 
Transport Research Arena 2012 Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
2888   Aleö énidaric et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  2887 – 2896 
DVVHVVPHQWLVSHUIRUPHGRQVSHFLILFEULGJHVOHVVFRQVHUYDWLYH0RVHV,WLVZHOOUHFRJQLVHGWKDW
VLWHVSHFLILF DVVHVVPHQW EDVHG RQ PHDVXUHG WUDIILF FDQ OHDG WR VLJQLILFDQW FRVW UHGXFWLRQV IRU
PDLQWHQDQFH2&RQQRU	(QHYROGVHQ
0RVWH[LVWLQJGHVLJQDQGDVVHVVPHQWFRGHVDUHEDVHGRQOLPLWHGDPRXQWVRIZHLJKLQPRWLRQ:,0
GDWD FROOHFWHG RQ D OLPLWHG QXPEHU RI VLWHV VHYHUDO \HDUV DJR &KDQJLQJ FRPSRVLWLRQ RI WUDIILF LH
QXPEHUZHLJKWV DQG VL]HV RI WKH YHKLFOHV KDYH LPSOLFDWLRQV IRU EULGJH ORDGLQJ7KHVH WUDIILF FKDQJHV
PXVWEH UHJXODUO\ WDNHQ LQWR DFFRXQWE\ UHFDOLEUDWLQJ WKHFRGHVDQGE\XVLQJ WKLVGDWD LQ VLWHVSHFLILF
EULGJH DVVHVVPHQW ,Q DGGLWLRQ WR QRUPDO OHJDO WUDIILF ZLWK VRPH DOORZDQFH IRU LOOHJDO RYHUORDGLQJ
VSHFLDOKHDY\YHKLFOHVPXVWEHDFFRXQWHGIRU
7KHPDLQFKDOOHQJHRISUHGLFWLQJWKHH[SHFWHGPD[LPXPOLYHORDGHIIHFWVOLHVLQKRZWRH[WUDSRODWHWKH
PHDVXUHG WUDIILF DQG FRQVHTXHQWO\ KRZ WR HVWLPDWH DV DFFXUDWHO\ DV SRVVLEOH WKH SUREDEOH PD[LPXP
EULGJHORDGHIIHFWVEHQGLQJPRPHQWVVKHDUVRYHUDVHOHFWHGOLIHWLPH$FRPPRQDSSURDFKLVWRPHDVXUH
WUDIILFGDWDIRUVRPHZHHNVWRILWDVWDWLVWLFDOGLVWULEXWLRQWRWKHFDOFXODWHGORDGHIIHFWVIRUWKHPHDVXUHG
WUDIILF DQG WRXVH WKHVHGLVWULEXWLRQV WR HVWLPDWHPD[LPXP OLIHWLPH HIIHFWV$ QXPEHURI DXWKRUV KDYH
SURSRVHGPHWKRGVEDVHGHLWKHURQILWWLQJVWDWLVWLFDOGLVWULEXWLRQVRQWKHGDWDVDPSOHVRUXVLQJVLPXODWLRQ
0RQWH&DUOR 0& WRH[WUDSRODWH WKH OLPLWHGDYDLODEOH WUDIILF LQIRUPDWLRQ$VDQH[DPSOH6LYDNXPDU
0RVHVDQG*KRVQDUHILWWLQJDQRUPDOGLVWULEXWLRQWRWKHXSSHURIWKHWUDIILFGDWDGLVWULEXWLRQ
2WKHUVDUHPDLQO\XVLQJYDULDWLRQVRI*XPEHO)UpFKHWRU:HLEXOOGLVWULEXWLRQV$WKRURXJKRYHUYLHZRI




PD[LPXP H[SHFWHG ORDG HIIHFWV RQ EULGJHV 3ULPDULO\ D GHWDLOHG 0& PRGHO ZDV EXLOW DW 8QLYHUVLW\
&ROOHJHLQ'XEOLQ8&'ZLWKRXWDQ\UHVWULFWLYHDVVXPSWLRQVDQGZDVFDOLEUDWHGDJDLQVWRYHUDPLOOLRQ
WUXFNVIURP:,0VLWHVLQWZR(XURSHDQFRXQWULHV(QULJKW2%ULHQ	'HPSVH\7KHPRGHOZDV
GHVLJQHG WR H[WUDSRODWH QRW RQO\ YHKLFOH ZHLJKWV EXW DOVR W\SHV D[OH FRQILJXUDWLRQV DQG ZKLOH WKLV
H[WUDSRODWLRQ LV DOVR EDVHG RQ DVVXPSWLRQV WKDW LQIOXHQFH WKH UHVXOWV LW LV FRQVLGHUHG WR JLYH D PRUH
UHDOLVWLF HVWLPDWHRI OLIHWLPH ORDGLQJ WKDQ WKH H[LVWLQJPHWKRGV7KHGRZQVLGHRI WKLVPHWKRG LV WKDW LW
UHTXLUHV FRPSUHKHQVLYH H[SHUW NQRZOHGJH DERXW EULGJH WUDIILF PRGHOOLQJ DQG FRQVLGHUDEOH FRPSXWHU
SRZHU
$OWHUQDWLYHO\ D VWUDLJKWIRUZDUGPHWKRG WRPRGHOOLQJ WKH H[SHFWHGPD[LPXP WUDIILF ORDG HIIHFWV KDV
EHHQSURSRVHGWKDWDSSOLHVVLPSOH\HW IDVWSURFHVVLQJRIWKHPHDVXUHG:,0GDWD7KLVSDSHUGHVFULEHV
WKHEDVLF DVVXPSWLRQV DQG WKH FRPSXWDWLRQDO SURFHGXUHRI WKHSURSRVHG DSSURDFK DQGGHPRQVWUDWHV LWV
HIILFLHQF\XVLQJDWHVWGDWDVDPSOHIURP6ORYHQLDWKDWZDVXVHGLQWKH$5&+(6DQDO\VLV5HVXOWVRIWKH




HIIHFWV ,W LV EDVHGRQ FRQYROXWLRQPHWKRG  6LYDNXPDU*KRVQ	0RVHV  äQLGDULþ	0RVHV
DQGDVVXPHVWKDWWKHKLJKHVWORDGHIIHFWVLVDFKLHYHGZKHQWZRYHKLFOHVIURPLQGHSHQGHQWWUDIILF
IORZV LQHDFK WUDIILFODQHDUHSODFHGVLGHE\VLGHRQDEULGJHDW WKHSODFHRIPD[LPXPDFWLRQZKLFKLV
GHILQHG DV D ORDGLQJ HYHQW6XFK DSSURDFK FDQEH MXVWLILHGRQPDMRULW\RI EULGJHVZLWK LQIOXHQFH OLQHV
VKRUWHU WKHQDSSUR[LPDWHO\P RUHYHQPRUHRQQRQVLPSO\ VXSSRUWHG VWUXFWXUHVZKHUHGXH WR WKH
W\SLFDO OHQJWKRIKHDY\YHKLFOHV WKHFULWLFDOHYHQWKDSSHQVGXHWRRQHYHKLFOHLQHDFKRIWKHWZR ODQHV
7KH VRXUFHV RI WUDIILF ORDGLQJ LQIRUPDWLRQ DUH WKH ZHLJKLQPRWLRQ :,0 PHDVXUHPHQWV ZKLFK DUH
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FRPELQHG ZLWK WKH UHOHYDQW EULGJH LQIOXHQFH OLQHV 7KH UHVXOWV DUH SUHVHQWHG LQ WHUPV RI WKH H[SHFWHG
PD[LPXPPRPHQWVDQGVKHDUIRUFHVRIWKHFULWLFDOSDUWRIWKHEULGJHIRUDVSHFLILHGWLPHSHULRG
7KH SURSRVHG DSSURDFK LV EDVHG RQ WKH RQH SURSRVHG E\ 0RVHV 	 9HUPD  7KH PDLQ
DGYDQFHPHQWLVWKDWWKHRULJLQDOLQGLUHFWFDOFXODWLRQRIFKDUDFWHULVWLFORDGHIIHFWVWKURXJKWKHFRQYROXWHG











:HLJKLQPRWLRQ :,0 LV D SURFHGXUH WKDW PHDVXUHV D[OH ZHLJKWV DQG JURVV YHKLFOH ZHLJKWV DV
YHKLFOHVGULYHRYHUDPHDVXUHPHQWVLWH8QOLNHWKHVWDWLFZHLJKVWDWLRQVWKH:,0V\VWHPVDUHFDSDEOHRI
PHDVXULQJ WUDIILF DW QRUPDO VSHHGV DQGGRQRW UHTXLUH WKHYHKLFOHV WR VWRSRUGULYH DW ORZ VSHHG6XFK
G\QDPLFZHLJKLQJLVPXFKPRUHHIILFLHQWDQGOHVVELDVHGWKHVWDWLFZHLJKLQJ'HVSLWHORZHUDFFXUDF\RI
LQGLYLGXDO ZHLJKLQJ UHVXOWV LW SURYLGHV HVVHQWLDO LQSXWV IRU D QXPEHU RI DSSOLFDWLRQV WKDW UHTXLUH
LQIRUPDWLRQ DERXW WUDIILF ORDGLQJ WUDIILF DQDO\VHV SDYHPHQW DQG EULGJH GHVLJQ DQG DVVHVVPHQW SUH
VHOHFWLRQ IRUHQIRUFHPHQWRI RYHUORDGHGYHKLFOHV HWF0RVW:,0V\VWHPV WRGD\DSSO\ VHQVRUV WKDWDUH
EXLOW LQWR WKH SDYHPHQW ([FHSWLRQV DUH WKH EULGJH:,0 V\VWHPV ZKLFK XVH LQVWUXPHQWHG EULGJHV WR
ZHLJKYHKLFOHV LQPRWLRQ7KHLUPDLQ DGYDQWDJHRYHU WKH SDYHPHQW:,0V\VWHP LV WKDW WKH\ DUH IXOO\
SRUWDEOH DQG GR QRW LQWHUIHUH ZLWK WKH WUDIILF GXULQJ LQVWDOODWLRQ DQG PDLQWHQDQFH ZKLFK LV D NH\
DGYDQWDJHRQKHDYLO\WUDIILFNHGURDGVäQLGDULþ/DYULþ	.DOLQ




7UDIILF ORDGV RI LQGLYLGXDO YHKLFOHV IURP WKH GDWD VDPSOH DUH FRQYHUWHG LQWR WUDIILF ORDG HIIHFWV




















WUDIILF ODQH ,QWHUYDOV ELQV RQ WKH ;D[LV PXVW EH VPDOO HQRXJK WR SURYLGH JRRG UHVROXWLRQ RI WKH
KLVWRJUDPV WKDW GLVSOD\ WKH UHODWLYH IUHTXHQFLHV RI ORDG HIIHFWV )LJ  DQG)LJ   WR  LQWHUYDOV
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
)LJ5HODWLYHIUHTXHQF\KLVWRJUDPVRIVKHDUIRUFHVIRUHDFKODQH
$V LW FDQ EH VHHQ IURP )LJ  WKH YDOXHV RI WKH H[WUHPH ORDG HYHQWV DUH VFDUFH HVSHFLDOO\ LQ WKH
RYHUWDNLQJODQH7KLVLPSHGHVPRGHOOLQJRIWKHWDLODQGOHDGVWRDYDULHW\RISRVVLEOHUHVXOWVGHSHQGLQJ
RQ WKHPHWKRGDQGSDUDPHWHUVXVHG$5&+(6 ,QRUGHU WRVPRRWK WKHGLVWULEXWLRQFXUYHDQG WR
H[WHQG LW EH\RQG WKHPHDVXUHGYDOXHV DPRGLILHG ³PRYLQJ DYHUDJH´ DSSUR[LPDWLRQRI KLVWRJUDPVZDV
DSSOLHG&RQWUDU\ WR WKHGHILQLWLRQRI WKHPRYLQJDYHUDJHZKLFKFRQVLGHUVGDWD IROORZLQJ WKHDYHUDJHG








,Q WKH QH[W VWDJH WKH DSSUR[LPDWHG KLVWRJUDPV RI ORDG HIIHFWV DUH FRQYROXWHG WR GHWHUPLQH WKH
SUREDELOLW\ PDVV IXQFWLRQ DQG WKH FRUUHVSRQGLQJ FXPXODWLYH GLVWULEXWLRQ IXQFWLRQ GHQRWHG DV
³FRQYROXWLRQFXUYH´LQWKLVSDSHUIRUDQHYHQWFRPSRVHGRIYHKLFOHVIURPERWKODQHV$VVXPLQJWKDWWKH
GLVWULEXWLRQVRI WKH ORDGHIIHFWV IRU ODQHVDQGDUH LQGHSHQGHQW WKHSUREDELOLW\PDVV IXQFWLRQ IRUDQ
HYHQWLVH[SUHVVHGDV
݂ܼ ሺݖሻ ൌ σ ݂ܺ ሺ݇ሻ ή ݂ܻ ሺݖ െ ݇ሻ݉݇ൌͳ    












7R GHWHUPLQH WKH FRQYROXWLRQ FXUYHV )PD[ IRU GLIIHUHQW WLPH SHULRG ] WKH H[WUHPH YDOXH WKHRU\ LV
DSSOLHG$QJ	7DQJ
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
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7KHWRWDOSUHGLFWHGPD[LPXPORDGHIIHFWV4WKDWDUHXVHGLQWKHSURFHVVRIVWUXFWXUDODVVHVVPHQWDUH
GHILQHGXVLQJWKHHTXDWLRQ
ܳ ൌ ܳܵǤ ܦܣܨǤ ݃   
ZKHUH










x E\JHQHUDWLQJKHDGZD\KLVWRJUDPV 0RVHV	9HUPDZKLFK LQD IRUPRIKLVWRJUDPVSURYLGH




7KH ODWHVW EULGJH:,0 V\VWHP XVHG WR SURYLGH GDWD IRU WKLV DQDO\VLV FDOFXODWHV QXPEHU RIPHHWLQJ
HYHQWVEDVHGRQWKHDVVXPSWLRQVWKDWDPXOWLSOHSUHVHQFHHYHQWRFFXUVZKHQWKHFHQWUHVRIJUDYLW\*DQG
*RIWZRFRQVHFXWLYHYHKLFOHVIROORZLQJHDFKRWKHURULQDGMDFHQWODQHVOLHZLWKLQ),/)LJZKHUH
), LV WKH IDFWRURI WKH LQIOXHQFH OLQHDQG/ LV LWV OHQJWK$5&+(6),GHILQHVSDUWRI WKHEULGJH
VSDQV ZKHUH WKH DUHD XQGHU WKH LQIOXHQFH OLQH PRPHQWV RU VKHDU H[FHHGV  RI LWV WRWDO DUHD )RU
VLQJOHVSDQEULGJHVWKHYDOXHRI),LVGHSHQGLQJRQWKHERXQGDU\FRQGLWLRQVEHWZHHQDQG
7KHUHIRUH WKHFULWLFDO LQWHUYHKLFXODUGLVWDQFH LVFDOFXODWHG IURP WKHPHDVXUHG WLPHVWDPSV OHQJWKV
YHORFLWLHV DQG FHQWUHV RI JUDYLW\ RI WKH YHKLFOHV 7KURXJK WKH YHORFLWLHV DQG YHKLFOHV¶ WLPH VWDPSV WKH
VKDSHRI WKH LQIOXHQFH OLQH LV WUDQVIRUPHG LQWR WKHVSDFHGRPDLQDQGUHODWHG WR),/7KHEULGJH:,0
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DGYDQFHGVLPXODWLRQSURFHGXUH (QULJKW2%ULHQ	'HPSVH\ WKDWSUHGLFWVSRWHQWLDO LQFUHDVHRI
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*KRVQ0	0RVHV )  5HOLDELOLW\ &DOLEUDWLRQ RI %ULGJH'HVLJQ&RGH -RXUQDO RI 6WUXFWXUDO
(QJLQHHUV$6&(9RO1R
/DPDQ - 	 1RZDN $  6LWHVSHFLILF WUXFN ORDGV RQ EULGJHV DQG URDGV3URFHHGLQJV RI ,&(
7UDQVSRUWSS
0RVHV )  &DOLEUDWLRQ RI ORDG IDFWRUV IRU /5)5 EULGJH HYDOXDWLRQ 1&+53 UHSRUW 1R 
:DVKLQJWRQ'&7UDQVSRUW5HVHDUFK%RDUG
0RVHV ) 	9HUPD 3 /RDG &DSDFLW\ (YDOXDWLRQ RI ([LVWLQJ %ULGJHV 1DWLRQDO &RRSHUDWLYH
+LJKZD\5HVHDUFK3URJUDP1&+535HSRUW1R
2&RQQRU $ 	 (QHYROGVHQ ,  3UREDELOLW\EDVHG DVVHVVPHQW RI EULGJHV 7KLUG 1DWLRQDO
6\PSRVLXPRQ%ULGJHDQG,QIUVDWUXFWXUH5HVHDUFKLQ,UHODQG'XEOLQ7ULQLW\&ROOHJH'XEOLQ
6LYDNXPDU % 	 ,EUDKLP )  
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0DQDJHPHQW,$%0$63KLODGHOSKLD86$
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